The basal metabolic rate (BMR) determined at +30°C was 2.86 ml 0 2g _1h~1, which is very close to that predicted (2.55 ml 0 2g-1 h _1) from the allometric function scaling rodents' BMR/body weights. The relationship of the resting metabolic rate of the harvest mice (RMR in ml 0 2g~1h-1 , and ambient temperature (Ta) from 0°C through + 30°C can be described by the regression: RM R= 12.063-0.305XTa. All the BMR and RMR values are much lower (1.8-2.2 and 1.4-1.8 times lower) than in previous studies with nonrecording closed circuit respirometers. The energy strategy of the five sm allest rodent species (7-10 g) is discussed, including torpor, hibernation, and behavioural adaptations.
INTRODUCTION
The h arv est m ouse Micromys minutus (Pallas, 1771), one of th e sm al lest rodent species in Europe, has long been a subject of in te rest in field and laboratory studies (for a review see Trout, 1978 a, b) . M etabolic rates of the h arv est m ouse w ere previously investigated by m easuring oxygen consum ption at various am bient tem p eratu res (Sm irnov 1957, G órecki 1971). Both Sm irnov and Górecki found exceptionally high values of ba sal and resting m etabolic rates in this sm all mouse; how ever, both em ployed respirom eters w ith closed circuit system s. Sm irnov used 5 -litre closed cham bers and then analysed the oxygen content using H ald an e's m ethod, w hile Górecki used the K alabukhov-Skvortzov m onom etric respircm eter (Górecki 1975) . The aim of this sm all m ethodological c o n trib u tion is to re-exam ine the m etabolic rate s of the harvest m ouse using an autom atic open flow gas analyzer.
MATERIAL AND METHODS
T hree h arv est mice, acquired from the Niepołomice Forest in southern Poland (50°07'N, 20°23'E) and the Białowieża Forest in north eastern Poland (52°40'N, 23°30'E), w ere used in this experim ent. They w ere housed individually in cages under n atu ral photoperiod and room tem pera tu re (about 20°C), and fed on seeds, grain, and apples (according to the diet of Piechocki, 1958; Sm irnov, 1959). All oxygen consum ption m easurem ents w ere m ade during A pril and May. D uring this period, the m ean body w eights of the three harv est mice w ere 6.50 g, 6.80 g, and 8.80 g. O xygen consum ption was m easured using an open respirom etric system (H eldm aier & Steinlechner, 1981) (S-3A oxygen analyzer, Zirconium oxide cell, two channel system , Applied Electrochem istry Inc.) each ru n lasting 7-8 hours (9.00-16.00-17.00). A single m ouse w as p u t in a 1.8 1 plastic cuvette w ith a sm all supply of oats and apple pieces. The m etabolic cuvettes w ere placed in a clim atic cham ber and the mice w ere exposed to step-w ise decreasing am bient tem peratures, sta rtin g from 30 and 28°C, and going through 20, 10, 0°C, or in some runs dow n to -10°C. The behaviour of the h arv est mice was carefully observed during the runs. D ata w ere collected at 1 m inute intervals by a com puter system , and recorded both on line and on tape. These w ere analysed late r using com puter program m es w hich plotted the original data, and calculated regression by the least squares m ethod on the basis of the five low est or m ean values at each am bient tem p eratu re (Bockler, 1985) .
RESULTS AND DISCUSSION
An exam ple of resting m etabolic rate in a h arv est m ouse for a wide range of am bient tem p eratu res ( + 30 to -10°C) is show n in Fig. 1 . P lotted h ere are the data points for every 3 m inutes of the e n tire 8-hour run. M inus 10°C is below the cold lim it of the harv est mouse. This is indicated by the inability of the m ouse to increase its heat production at this tem perature. The relationship betw een the resting m etabolic rate and am bient tem p eratu re from 0 to 30°C showed a high correlation (r2^ 0.967) and can be described by the following regression: R M R = = 12.063 -0.305 X Ta (RMR in m l 0 2g -1h -1, Ta in °C). A t each tem p eratu re this com putation applies to the m ean values for three anim als (Fig. 2) . Likewise, the m axim um level of m etabolic rate (v 0 2 max) was calculated for these h arvest mice and averaged 17.82, 14.64, 9.50, 7.76, 7.52, and 3.76 ml 09g-1h _1 at tem p eratu res of 0, 10, 20, 25, 28 and 30°C, r e spectively. These m easurem ents, how ever, include the additional cost of activity. D epending on the am bient tem p eratu re, the h arv est mice drastically altered in behaviour and activity. A t tem p eratu res close to th eir th e r m oneutral zone ( + 28°C-30°C) the m ice w ere m oderately active; after a 1 hr acclim ation period they rem ained quiet and stretched th eir bodies. At tem p eratu res of + 1 0°C and + 2 0°C they w ere alte rn a tely active or quiescent, if they rested it was in a "m ouse-like" posture, how ever, they spent m ost of the tim e in a curled posture.
The low est levels of oxygen consum ption w ere found in the h arv est mice at + 30°C, and averaged 2.86 ±0.51 ml 0 2g _1h _1. This can be considered to be the stan d ard or basal m etabolic ra te (BMR), (Grodzinski & W under, 1975) for this sm all rodent. The mice showed the m axim um cold in duced oxygen consum ption (v 0 2), a t 0°C, which am ounted to 12.12 ±0.98 ml Oog 'h 1. At ~1 0°C the harv est m ouse cannot m aintain a positive
• heat balance and its oxygen consum ption drops to an average of 11.49 ml during the first 30 m inutes. The m ean rectal body tem p eratu re, m eas u red in only two anim als before and a fte r several 7-8 hour ru n s was 36.2°C. The m etabolic rates of the h arv est mice studied, from the th erm o neu tral zone up to the cold lim it, have been sum m arized in Table 1.  This table also by Smirnov (1957) and Górecki (1971). Smirnov's data represent m etabolic rates of spring anim als (May), m easured betw een 10-28°C, w hile G orecki's data w ere obtained from autum n anim als (October, Novem ber), studied at am bient tem p e ra tu re s from 0°C to 30°C. These studies w ere based on m easurem ents m ade using m ore than 20 anim als, w hereas in this investigation only th re e h arv est m ice w ere studied. All of both Sm irnov's (1957) and G orecki's data (1971) are m uch higher th an those found in this study (see also Fig. 2 ). This is particularly* tru e of basal m etabolic rate, w hich Sm irnov and Górecki determ ined to be 6.42 and 5.0 m l 0 2g~1h~1, w hile in the p resen t w ork a value of 2.86 ml 0 2g~1h~1, i.e. about half that, was obtained. A t low er tem p eratu res the oxygen consum ption m easured by both Sm irnov and Górecki was 43-78% higher than those we determ ined. . The BMR determ ined for the h arv est m ouse in this paper (2.86 ml 0 2g -1h~1) is ra th e r low, but close to th a t which can be predicted from the general allom etric regression for sm all m am m als (Grodziński & W under, 1975) or from a m ore specific regression exclusively for rodents (Hayssen & Lacy, 1985) . The BMR calculated from these equations for anim als w ith a body w eight of 7.5 g equals 2.30 and! 2.5 ml 0 2~,h~1, respectively. Thus, the level of basal m etabolism (Table 2 ) differ m arkedly. There are, how ever, no such differences in m easurem ents of daily m etabolic rate (ADMR) w hich w ere found to v ary from 6.32--7.57 ml 0 2g -łh~ł for these sm all rodents. The five species of rodents discussed here rep resen t various fam ilies (Muridae, Cricetidae, Heteromyidae and Zapodidae) and feeding types. These very sm all hom eotherm s have also ap p aren tly developed various energy strategies which can include torpor, hibernation, and behavioural adaptations. The A m erican pigmy, pocket and h arv est mice can easily go into torpor for a few hours to several days d u ratio n (aestivation). The E uropaean birch mouse hibernates for 7 m onths and can also show daily torpor. The m etabolic adaptations of the E uropean harv est m ouse, studied in this paper, are not clear. Micromys minutus does not hib ern ate or aestivate (Trout, 1978b) , though it does probably have the ability to go torpid. It insulates its nest well, both the above-ground ones during sum m er, and the underground ones or those inside haystacks during w inter. It is m ore or less om nivorous (Trout, 1978b; Dickm an, 1986) , and this allows it to rem ain active all the year round, though each day it m ust consume a th ird of its own w eight in food (H aw kins & Jew ell, 1962; Cross, 1967).
